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ABSTRACT  Bioinformatics tools have been recently applied to study the differentiation of the mam-
malian oocyte during folliculogenesis. In this review, we will summarize our knowledge of 1) the 
use of biological databases for the extraction of relevant information, 2) bioinformatics methods 
for knowledge extraction and representation, 3) the application of these methods to the study of 
mammalian oocyte differentiation and 4) state-of the-art prediction approaches for the assessment 
and estimation of the cell differentiation status.
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Introduction
Change is the main theme that describes developmental and 
differentiation processes. For example, beyond the morphological 
PRGLÀFDWLRQVWKDWRFFXUGXULQJWKHGHYHORSPHQWRIWKHPDPPDOLDQ

















for assessing the differentiation stage of cells.
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Knowledge bases for bioinformatics analysis
Biological function and pathway databases
One of the most important goals in systems biology is the 
LGHQWLÀFDWLRQ RI WKH IXQFWLRQV RI JHQHV DQG WKHLU UHODWLRQVKLSV
7RWKLVUHJDUGJHQHVDUHRIWHQSURÀOHGWKURXJKWKHLUH[SUHVVLRQ
PHDVXUHGXQGHUGLIIHUHQWHQYLURQPHQWDORUH[SHULPHQWDOFRQGL
WLRQVDQG WKRVHZLWKVLPLODU WUDQVFULSWLRQDOSURÀOHVDUH OLNHO\ WR








ELRORJLFDO SURFHVVHV FHOOXODU FRPSRQHQWV DQGPROHFXODU IXQF
WLRQVLQDVSHFLHVLQGHSHQGHQWPDQQHU$JHQHSURGXFWPLJKWEH
ORFDWHGLQRQHRUPRUHFHOOXODUFRPSRQHQWVLWLVDFWLYHLQRQHRU
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PRUHELRORJLFDOSURFHVVHVGXULQJZKLFKLWSHUIRUPVRQHRUPRUH
PROHFXODUIXQFWLRQV



















WDLQLQJ RUJDQLVPVSHFLÀF QHWZRUNV RI PROHFXODU LQWHUDFWLRQV LQ
the cells (Kanehisa HW DO 7KHDLPRI.(** UHSRVLWRU\



















ZKLFK FRQWDLQV LQIRUPDWLRQ DERXW LQWHUDFWLRQV REWDLQHG IURP
ZRUNSXEOLVKHG LQSHHUUHYLHZHG MRXUQDOV H[FOXGLQJJHQHWLFRU











DQG WKURXJK (QWUH] DSSOLFDWLRQ SURJUDP LQWHUIDFHV %HVLGHV
FRQWDLQLQJ OLQNV WR IXOO WH[WDUWLFOHV3XE0HGDOVRSURYLGHV OLQNV
WRPDQ\RWKHUGDWDEDVHVVXFKDV1XFOHRWLGH3URWHLQ6WUXFWXUH



























Fig. 1. Hierarchy of oogenesis-related Gene Ontology terms (http://
www.geneontology.org/). Red and blue arrows indicate “is a” and “part 
of” relations between the linked terms, respectively.
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WR GHSRVLW WKHLU GDWD RQ IUHHO\ DYDLODEOH FRPPXQLW\ UHVRXUFHV
ZKLFK VWRUH WKHP LQ DSSURSULDWH IRUPDWV IRU FRPSUHKHQVLYH
DQDO\VLV)RULQVWDQFH*HQH([SUHVVLRQ2PQLEXV*(2KWWS
ZZZQFELQOPQLKJRYJHRSURYLGHGE\WKH1DWLRQDO&HQWHUIRU
%LRWHFKQRORJ\ 1&%,VHUYHVDVDSXEOLF UHSRVLWRU\ IRUDZLGH
UDQJHRIKLJKWKURXJKSXWH[SHULPHQWDOGDWDLQFOXGLQJVLQJOHDQG








WKH(XURSHDQ%LRLQIRUPDWLFV8QLWV3DUNLQVRQHWDO, 2009). Data 




tion and across sets of experiments.
2QHXWLOLW\RIGDWDUHSRVLWRULHVLVFRPSDUDWLYHDQDO\VLVRIH[SHUL






Methods for knowledge extraction and representation
Enrichment analysis




HDFKJHQHDVDVLQJOHHQWLW\ LW LVDOVR LPSRUWDQW WRXQGHUVWDQG



















Fig. 2. Literature-based gene expression analysis. Medical subject heading (MeSH) terms and their annotated genes are used to create a network 
of keywords where the terms that share a significant number of annotated genes are linked.
Fig. 3. Example of a pipeline for analysis of Gene Expression Omnibus 
(GEO) data from developmentally competent (‘yes’) and not competent 
(‘no’) oocytes. A heat map reflecting microarray gene expression values 
across 20 samples belonging to these two different conditions can be 
obtained with bioinformatics tools that usually provide a measure to group 
similar samples (clustering).























and an interactive data analytics, at the expense of higher complexity 
RIWKHXVHU·VLQWHUIDFH$QH[DPSOHRIVXFKWRROVLV2UDQJHKWWS
RUDQJHELRODEVLZKLFKXVHVWKHYLVXDOSURJUDPPLQJSDUDGLJP













WLRQ RI WKH UHODWHG FDWHJRULHV LV QLFHO\ VXSSRUWHG LQ3$17+(5
3URWHLQ$1DO\VLV7+URXJK(YROXWLRQDU\5HODWLRQVKLSVKWWSZZZ
SDQWKHUGERUJ&ODVVLÀFDWLRQ6\VWHP7KRPDVHWDO, 2003). This 
WRROWDNHVLQWRDFFRXQWWKHJHQHIDPLOLHVWKH*2FODVVHVDQGWKH
3DWKZD\VWRDVVLJQDIXQFWLRQDOFODVVWRHDFKJHQH
7KH WRROER[HV GHVFULEHG LQ WKLV VHFWLRQ DUH MXVW VRPH IHZ
H[DPSOHV H[DPSOHV RI D JURZLQJ VHW RI JHQHUDO RU GHGLFDWHG


















Fig. 4. An example of microarray data analysis schema in Orange. Significantly expressed genes selected from a Gene Expression Omnibus (GEO) 
data set are analyzed with Gene Ontology (GO) enrichment. The ‘GO Browser’ enables to set the parameters of the analysis (e.g. statistical test and 
p-value thresholds) and to visualize the enriched terms and the corresponding genes within the hierarchy of GO terms. Categories of genes may be 
selected for further bioinformatics analysis.
















































































an environment for explorative analysis over biological interactions 





:KHQUXQRQDGDWDVHW ,3$&RUH$QDO\VLVHQDEOHV WKHXVHU WR
YLVXDOL]HDQGDQDO\]HWKHPHWDEROLFDQGVLJQDOLQJSDWKZD\VDQG
WRLQVSHFWFHOOXODUSURFHVVHVDQGWUDQVFULSWLRQIDFWRUVUHODWHGWR
the genes of interest.
Applications to –omics analysis in oogenesis and early em-
bryogenesis
Recently, there has been an increasing effort in leveraging the 
DYDLODEOHNQRZOHGJHIRUVWXG\LQJGHYHORSPHQWDOSURFHVVHVGXULQJ
RRJHQHVLV DQGHDUO\ HPEU\RJHQHVLV ,Q SDUWLFXODU UHVXOWV IURP
VHYHUDOVWXGLHVXVLQJ²RPLFVWHFKQRORJLHVVXFKDVPLFURDUUD\V
Fig. 5. Network of OCT4 interacting proteins obtained with STRING 
(http://string-db.org/).




UROH LQFHOOGLIIHUHQWLDWLRQ)RU LQVWDQFH UHVHDUFKHUV LQ WKHÀHOG
RIRRF\WHVGLIIHUHQWLDWLRQPD\FRQVLGHUDVXEVHWRIJHQHVNQRZQ
DVPDWHUQDOHIIHFWJHQHV ,Q WKHDQDO\VLVRIGDWD IURPRRF\WHV















oocytes at the germinal vesicle stage (PeddintiHWDO7KH
PHWKRGVDOORZHGLGHQWLI\LQJWKHVLJQDOLQJDQGWKHSURFHVVHVWKDW
may have an impact on oocytes developmental competence and 
PDWXUDWLRQ
With a similar aim, MII developmentally competent oocytes 
(MII61ZHUHFRPSDUHGZLWKRRF\WHVWKDWFHDVHGHYHORSPHQWDWWKH
FHOOVWDJH0,,161=XFFRWWLHWDO=XFFRWWLHWDO, 2008). The 
*2HQULFKPHQWDQDO\VLVSHUIRUPHGZLWK'$9,'DQGWKHQHWZRUNV
REWDLQHGXVLQJ,3$DOORZHGWKHLGHQWLÀFDWLRQRIJHQHH[SUHVVLRQ
























2QWRORJ\ WRDVVLJQ WRHDFKJHQHD VHW RIZHLJKWHGDQQRWDWLRQ
WHUPV7KHREWDLQHGDQQRWDWLRQSURÀOHVZHUHWKHQXVHGWRDVVHVV
DPHDVXUHRI WKHVLPLODULW\DPRQJ WKHJHQHV WKDWDOORZHG WKH
FRQVWUXFWLRQRID2&7WUDQVFULSWLRQDOQHWZRUNDLPHGDWH[SORULQJ
WKHFRQWULEXWLRQRIQRWSUHYLRXVO\FRQVLGHUHGPROHFXODUIDFWRUVWR
the mammalian egg developmental competence. 
$OWKRXJK WKH XVH RI GDWD DXWRPDWLFDOO\ H[WUDFWHG IURP WKH
OLWHUDWXUH LVQRWYHU\FRPPRQ LQ WKHSXEOLFDWLRQV UHODWHG WRRR
F\WH GHYHORSPHQW RWKHU ZRUNV KDYH VKRZQ WKH EHQHÀW RI WKH
REWDLQHGLQIRUPDWLRQ1RYHOSURWHRPLFWHFKQRORJLHVFRXSOHGZLWK
DQH[KDXVWLYHELRLQIRUPDWLFVDQDO\VLVZHUHXVHGWRXQFRYHUWKH
Fig. 6. The process of knowledge-based bioinformatics analysis. Data 
coming from high-throughput experiments are analyzed with methods that 
extract the available knowledge from different biological repositories. Results 
in terms biological annotation terms and networks connecting genes or 
proteins are further analyzed and refined based on the knowledge of the 
expert and on the evidence coming from the data. For instance, genes 
that were not previously included in the lists would be considered in light 
of the knowledge retrieved by means of the bioinformatics methods. The 
final aim of the process is to promote knowledge discovery.
Fig. 7. Example of a differentiation scale where a sample obtained from induced pluripotent stem cells (iPSCs) is projected to the scale to uncover 
its real stage of development with respect to standard conditions of differentiation.





















of the gene expression data from oocytes and embryos in order to 
highlight the change of transcription of the selected genes.
6LPLODUO\WKHHQULFKPHQWDQGOLWHUDWXUHEDVHGDQDO\VLVRIWKH










development (DingHWDO=KDQJHWDO=XFFRWWL et 
DO  ,Q VWHP FHOO UHVHDUFK WKH UHOLDELOLW\ RI WKH LGHQWLÀHG
QHWZRUNVLVXVXDOO\LQFUHDVHGE\LQWHJUDWLQJLQIRUPDWLRQFRPLQJ
IURPGLIIHUHQWNQRZOHGJHUHSRVLWRULHV7RGLVFRYHUWKHIXQFWLRQVRI
the predicted list of OCT4 interactors, PardoHWDOXVHGD
VHWRIELRLQIRUPDWLFVUHVRXUFHVLQFOXGLQJ*2.(**3$17+(5
0,17DQGRWKHU33,GDWDEDVHVWRUHWULHYHWKHSUHYLRXVO\NQRZQ
interactions (Pardo HW DO  6LPLODU VWXGLHV KDYH DSSOLHG
LQQRYDWLYH SDWKZD\ HQULFKPHQW PHWKRGV %DEDLH HW DO, 2007) 
RUDSSURDFKHVIRUDQDO\]LQJWKHOLWHUDWXUHLQ3XE0HG&DPSEHOO 
HWDO, 2007) achieving the same goal in the characterization of 
(6&VQHWZRUNV













FHOO GHYHORSPHQW -XQJ HW DO  /LQNV WRRWKHUGDWDEDVHV
DOORZ VHDUFKLQJ IRU JHQHVZLWK D VSHFLÀF EHKDYLRU LQ VHOHFWHG
WLVVXHVRUSDWKZD\V
Recently, there has been an increasing effort in exploiting the 
DYDLODEOHJHQRPHZLGHH[SUHVVLRQGDWDWRKLJKOLJKWWKHWUDQVFULS
WLRQDOFKDQJHVWKDWRFFXUGXULQJWKHGLIIHUHQWLDWLRQRIVWHPFHOOV








the stages corresponding to normal development are displayed in 


























































'87.2:6., - DQG ,'(.(5 7  3URWHLQ QHWZRUNV DV ORJLF IXQFWLRQV LQ
development and cancer. 3/R6&RPSXW%LROH
('*$55'205$&+(90DQG/$6+$(*HQH([SUHVVLRQ2PQLEXV




lists. Nucleic Acids Res
+8$1* ': 6+(50$1 %7 DQG /(03,&., 5$ E 6\VWHPDWLF DQG





































machine learning approaches. BMC Bioinformatics
18==2$08/$6)*$%(77$0$5%867,1,(=83$1%/$5,==$&DQG
%(//$==,57H[W0LQLQJDSSURDFKHVIRUDXWRPDWHGOLWHUDWXUHNQRZOHGJH
extraction and representation. 6WXG+HDOWK7HFKQRO,QIRUP
3$5'20 /$1*%<8 / 35266(5+ %5$'/(<$ %$%800 DQG
&+28'+$5<-$QH[SDQGHG2FWLQWHUDFWLRQQHWZRUNLPSOLFDWLRQVIRU
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